Abstract. Cryopreservation of pollen from two ginseng species -Panax ginseng L. and P. quinquefolium L.-was studied. Freezing anthers that served as pollen carriers to -40C before liquid N storage affected pollen viability little after liquid N storage. Anther moisture content affected pollen viability significantly when stored in liquid N. The ideal anther moisture content to carry pollen for liquid N storage was 32% to 26% for P. ginseng and 27% to 17% for P. quinquefolium. Viability of pollen from P. quinquefolium anthers with 25.3% moisture content changed little after 11 months of liquid N storage.
Maintaining pollen viability and fertility for along period is important in plant breeding and conserving plant germplasm resources. Studies have shown that cryopreservation of pollen in liquid N (-196C) is art ideal strategy for long-term preservation (Towill, 1985) . We report a study of pollen viability and fertility in two ginseng species -Panax ginseng and P. quinquefolium -after liquid N storage. Fiveyear-old plants of both species were used. Anthers served as the pollen carriers because ginseng pollen is too small to handle individually. Unopened mature anthers were collected. Some of them were wrapped with paper, placed in 1.2-m-diameterplastic test tubes, and sealed with stoppers. The tubes with anthers were immersed in liquid N, either directly or after prefreezing. Prefreezing was stepwise: temperature was lowered from 0 to 10C at 1C/min and kept at -10C for 15 min, then cooled to -40C at the same freezing rate, and kept at -40C for 2 h. Other anthers were placed in culture dishes and dried to various moisture contents with a forced-air fan. A sample of the fan-dried anthers was weighed and moisture content was determined. The rest of the anthers was stored in liquid N.
Anther moisture content was determined from anther fresh weight and constant dry weight, which was obtained by drying anthers at 105C for 45 min. After their removal from liquid N, anthers were thawed in a 39 to 40C water bath (fast thawing). Pollen viability was estimated using the following three methods.
1) Staining.
Anthers were cut open after being thawed and stained with 0% to 1% fuchsin basic for 10 min (Xue, 1985) . They were rinsed with water three times and examined under a microscope. A pale-red color indicated that the pollen membrane was intact; this pollen was considered viable. A deep-red color indicated that the pollen membrane had been damaged; this pollen was considered nonviable (Xue, 1985) .
2) Pollen germination. Pollen was germinated in culture dishes that contained 0.5% agar and (mg·liter -1 ) 250 CaCl 2 , 5 boric acid, and 100 thiamine (Addicott, 1943; Brew baker and Kwack, 1963) . Germination rates were determined after 2 days of culture at 24 to 26C. About 180 to 200 pollen grains were counted from each storage treatment.
3) Pollen fertility. Pollen fertility was estimated by pollinating garden-grown ginseng plants. Flowers at full bloom and young flowers were removed from the inflorescence. About 15 to 20 flowers remained on an inflorescence. Flowers were emasculated and the inflorescence was covered with a paper bag. Pollination with cryopreserved pollen was carried out 2 days after emasculation. Three plants were used in each cross. Fertilization success was determined 1 month after pollination.
Effect of prefreezing. Panax ginseng anthers were removed from liquid N after 7 days of storage. Pollen viability was estimated by fuchsin basic staining and fertility. Prefreezing to -40C before liquid N storage did not improve pollen viability significantly (Table 1) . After 7 days of storage, a decrease of ≈50% in fertilization was observed compared to nonfrozen pollen. In contrast, prefreezing to -30 to -50C is necessary for some hydrated plant tissues to ensure their viability after liquid N storage (Sakai and Sugawara, 1978) . Because of the low moisture content in ginseng pollen, prefreezing is unnecessary.
Effect of anther moisture content. The moisture content of P. ginseng and P. quinquefolium anthers significantly affected pollen viability after liquid N storage. Panax ginseng pollen from anthers with 49.2% or 35.3% moisture content had low germination and fertilization rates (Fig. 1) . Anthers with 31.7% moisture content resulted in the highest germination and fertilization rates. Germination and fertilization rates decreased when anther moisture content dropped below 26.7%. Panax quinquefolium pollen held in anthers with 36.2% or more moisture content had lower germination and fertilization rates after 7 days of liquid N storage. Germination decreased greatly when anther moisture content reached 13% (Fig. 2) . Optimum moisture content of anthers to hold pollen for liquid N storage ranged from 32% to 26% for P. gin-seng and 27% to 17% for P. quinquefolium. Black walnut (Juglans nigra L. ) pollen had a higher in vitro germination rate after cryopreservation than fresh pollen (Farmer and Barnett, 1974) . When rye (Secale cereale L. ) pollen with 11.5%. moisture content was stored in liquid N for 14 days, fertilization rate was 15.1% higher than that of fresh pollen (Shi and Tian, 1989) . Germination or fertilization success of ginseng pollen from anthers with suitable moisture content increased when pollen had been stored in liquid N compared with fresh pollen (Figs. 1 and 2 ). Viability of P. quinquefolium pollen from anthers with 25.3% moisture content after 11 months of liquid N storage, as estimated by staining, did not differ from that before storage (Table 2) . Again, high anther moisture content adversely affected pollen viability (Table2) and fertilization ( Fig.  3) after liquid N storage. Some interspecific hybrid seeds were obtained by fertilizing 5-year-old P. ginseng plants at the late flowering stage with P. quinquefolium pollen after 11 months of liquid N storage. This is significant for interspecific hybridization among Panax species because they do not all flower at the same time. For example, inflorescences of P. quinquefolium usually appear 1 month later than those of P. ginseng in northeastern China, and fresh P. quinquefolium pollen has only about a 3-to 4-day life span.
